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Abstract
This paper presents the design, test and analysis of a scaled cylindrical blast chamber. The blast chamber is a one-fifth dimensional size replica
of the full-scale blast chamber (Emily). The blast chamber is semi-confined as one end is open. The scaled blast chamber is used to test concepts
for closing the open end and allows the gas to vent at the same time.ANSYSAUTODYN calculated the pressure time histories for different closure
scenarios. Comparing the results suggested a viable scenario, namely a structure consisting of a circular disc and a frame positioned at the open
end of the blast chamber. The structure and cylindrical blast chamber were subjected to scaled blast tests and the pressure results are presented and
discussed.
© 2016 China Ordnance Society. Production and hosting by Elsevier B.V. All rights reserved.
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1. Introduction
The CSIR has been involved in the field of blast research for
some time in an effort to characterise and understand threats
mainly to advise the SANDF [1]. The blast research at LS of the
CSIR included characterisation of explosive charges in free
air where high speed photography, pressure transducers and
momentum sensors were used to characterise the dynamic
parameters such as peak overpressure and impulse of the
charges [2]. Data from this work enabled the researchers to
characterise the output of different explosives and to evaluate
their damage potential.
Researchers have recently been more interested in blast com-
positions with additives that enhance the overpressure, impulse
and/or thermal output (see for example Trzcin´ski et al. [3]). The
reason for this interest is the increase in incidents of terror
combined with improvised explosive devices and the need to
understand the threat. As the open-air setups of the blast experi-
ment cannot easily differentiate the full effect of the additives in
explosives, testing in a more enclosed environment is needed
according to Mostert and Du Toit [4]. In an open-air setup,
Fig. 1 shows a typical overpressure time history of 6 kg spheri-
cal TNT charge captured at a 2 m standoff distance.
In order to evaluate the potential output of an explosive
charge entirely it is necessary to evaluate its performance in
varying confinement. Whereas an explosive such as TNT with a
negative oxygen balance requires additional aerobic interaction
to fully combust (so-called afterburning, due to mixing with the
surrounding air), other explosive compositions contain addi-
tives that react proportional to the dynamic pressure and tem-
perature in the aerobic phase. By introducing confinement near
an explosive charge, the volume of by-product (fireball) expan-
sion, and therefore the inherent pressure distribution and heat
dissipation in the gasses, is dynamically changed.
For a characterisation of enhanced explosives, an open-air
setup may prove difficult to quantify the effects of additives.
Secondary reactions are more prominent when reflected waves
re-compress the detonation products in a confined environment.
Additionally a more confined environment offers retention of
the detonation products within the reach of the sensors and
hence a detectable reaction process between the additives and
available air. An enclosed setup enables detailed quantifications
of the enhancement of the blast parameters.
However, an enclosed environment adds complex features to
the overpressure–time profile. The enhanced blast output and
the reverberation of shock waves in the chamber complicate the
characterisation and ranking of explosives in an enclosed envi-
ronment. Evaluating conventional charges without any addi-
tives provides a baseline so that the expected behaviour of
additives can be quantified.
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At the CSIR, earlier studies of enhanced explosives were
conducted in a smaller confined environment, which implied
the use of smaller charges. From these studies, it became appar-
ent that the smaller size of the charges (<1 kg) limited the
reaction of the additives within the explosives with the available
volume of air [4]. The CSIR embarked on a programme to
acquire a larger chamber that enables testing of up to 3 kg of
explosive charges. With the support from ARMSCOR, CSIR
acquired a section of the decommissioned Daphnè class sub-
marine, Emily Hobhouse, transported it to the DBEL test facil-
ity. The semi-confined blast chamber consists of the section of
the decommissioned submarine and a solid wall at one end
while the other end is open. To commemorate the design, the
blast chamber is named Emily.
Emily allows testing of charges in the mass range of 0.5–
3.0 kg [5] and is approximately 6 m long with 5 m diameter
(Fig. 2(a)). Emily has measurement ports for installing pressure
sensors and momentum gauges. By comparing the overpressure
and/or the impulse between different explosive charges, Emily
supported the study of the effects of explosives with or without
additives in a semi-confined environment. Fig. 2(b) shows the
pendulum door that enhances the confinement of detonating
charges.
While Emily allowed excellent analysis of the effect of
explosives in semi-confined conditions, it does not allow the
evaluation of the explosive output in full confinement [6]. The
open side of Emily allows detonation products to escape from
the reaction volume. In order to achieve an environment of
higher confinement, researchers at LS have designed and tested
a scaled model of a partially enclosed Emily called SEmily. The
aim of the design was to evaluate the feasibility of a dynami-
cally vented enclosed design of Emily without compromising
the full-scale design during such an evaluation exercise. The
confinement of the detonation products in Emily was only
required to a maximum time of three milliseconds after deto-
nation. The chamber is then allowed to vent.
SEmily is a 1:5 scaled blast chamber model of Emily with
ports for mounting transducers and it is equipped with a door
that acts as a pendulum during the blast to allow ventilations
(Fig. 3(a)). The dimensions of SEmily are 1.2 m in length and
1 m in diameter. The door only covers 76% of the opening,
which minimises damage of the chamber, while at the same
time allowing extra confinement (Fig. 3(b)). The curved and
back wall of SEmily consists of a 10 mm thick commercially
graded mild steel. The pendulum door weighs 53 kg, also
manufactured from commercially graded mild steel [7].
This paper deals with the design and testing of the closure of
the scaled model SEmily. The design considerations are dis-
cussed briefly in Section 2. Section 3 discusses the computa-
tional analysis and determines the closure, while at the same
time allowing the door to swing in and out without touching the
inside. The design and manufacturing is briefly discussed in
Section 4. The next section discusses commissioning, addi-
tional experiments conducted with SEmily and a computational
analysis with results that confirm the findings of the experi-
ments. The scaled results compare favourably with the full-
scale results as discussed in Section 6.
Fig. 1. TNT side-on overpressure time history at 2 m.
Fig. 2. The blast chamber Emily.
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2. Design considerations
The design of the pendulum door to cover part of the
opening of the blast chamber Emily requires a detailed analysis
of the gas flow of the explosive by-products. Inside Emily, the
confined volume is subjected to large pressure shock pulses
reverberating from the surfaces. The objective is to confine the
expanding volume of by-products in such a way that venting of
these gases will occur as soon as possible after the confinement
requirements are met. These requirements are that venting starts
only after three milliseconds (measured from time of detona-
tion), and the pendulum door is stationary for these three mil-
liseconds. By geometric similarity, the time translates to 0.6
millisecond for SEmily.
Strain gauges were put on the outside of the Emily structure
during its commissioning phase. The measurements showed
micro-strains for firings with charge masses under 1 kg NEC.
There are, however, reverberations due the shock waves in the
structure. The recordings of the pressure gauges that are embed-
ded in the walls of the chamber show no sign of gross anomalies
due to these reverberations.
3. Computational support for design of the confinement
of a scaled blast chamber
By means of geometric similarity, the dimensions of SEmily
are one-fifth the dimensions of Emily. ANSYS AUTODYN
supported the design process by analysing the various confining
concepts in terms of their effect on the pressure time history of
the charge at a specific location. A number of scenarios are
modelled, namely,
a) The case where the steel plate covers 20% of the area of
the open end,
b) The case where the steel plate still covers 20% of the open
end area and the remainder is covered by NYLON panels
(modelled in the Lagrange solver),
c) The case where the steel plate covers 65% of the area of
the end, and
d) The case where the cylinder is completely confined (as a
reference).
The next sub-section discusses the computational model and
thereafter the results of the computations are briefly presented.
3.1. Computational model
The ANSYS AUTODYN computational model exploits
axial symmetry. An Euler solver models the air and explosive
inside and outside the cylindrical shell. The sides of the blast
chamber were modelled with the boundaries of the Euler
mesh. A Lagrange solver models the steel and NYLON
materials, positioned in the open end. The mesh resolution of
the air is 10 mm by 10 mm while for the steel and NYLON it
is 4 mm.
A one-dimensional Euler solver calculates the detonation
and initial expansion of a scaled spherical Comp B explosive
charge up to 320 microseconds. The result is mapped into the
axial symmetric mesh. At this time, the shock wave is very
close to the curved side of the scaled cylinder. Using a spherical
charge instead of a cylindrical charge reduces the modelling
effort considerably in terms of mesh size and run time. To
simplify the calculation procedure, spherical charges were
employed in the simulation. Whilst it is known that there is a
difference in the loading in close proximity of a spherical and a
cylindrical charge, the interest is in the enhanced component of
the output due to afterburning (that is, in the volume of
by-products), the response would be integrated at longer times
where semi-static loading applies.
Fig. 4 shows the computational model of the scenario in
which the plate covers 20% of the open area and the NYLON
covers the remainder. The mesh is rotated 180° about the sym-
metry axis (only the outline of the air is shown) and the expand-
ing volume of by-products is visible. Gauge points at two
locations capture the hydrostatic pressure time history. The
calculation of the hydrostatic pressure inside a cell corresponds
to the over-pressure measurement only if one adds the ambient
pressure to the measurement. Pressure 1 is 20 mm from the side
(equivalent to the side-on measurements) and Pressure 2 is
5 mm from the side (to capture the reflective pressure equiva-
lent to the face-on measurements).
Fig. 3. The 1:5 scaled model of Emily.
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Table 1 shows the materials and models used by the compu-
tational model. The parameter sets for these material models are
from the AUTODYN Material Library. It was assumed that the
parameters represent the materials used in the tests. The explo-
sive model did not add any energy from the afterburning effect
to the computation.
The dimensions used in the computational model and their
relationship to the full scale Emily are given in Table 2 for
reference purposes. The charge in the computational model
relates to a 3 kg spherical Comp B charge used in Emily during
the commissioning tests. The geometric scale factor from the
small-scale to full-scale is five. Note that the mass scales
with 53.
3.2. Computational results
The objective of the computational analysis is to verify that
the closure of the open end is necessary in terms of the
hydrostatic pressure and the velocity of the volume of gas
by-products escaping through the opening left by the cover. The
closing of the open end affects the amplitude of the reflected
pressure peaks at the measuring location indicated in Fig. 4. If
the open end is fully closed, the amplitudes of these reflected
peaks are the largest. The criterion for effectiveness is to obtain
the largest possible amplitude of these reflected pressure peaks.
The other criterion is the displacement of the cover at 0.6
millisecond should be negligible.
Fig. 5 shows the first ten milliseconds of the face-on hydro-
static pressure time history for a number of scenarios for cov-
ering of the open end. The scenarios are fully open (100%
uncovered), a steel plate leaving 80% open (case 1), a steel plate
leaving only 24% open (Case 3), a steel plate and 0.013 m thick
NYLON to fully enclose the cylinder (case 2) and a fully
enclosed cylinder. The pressure time histories show that cover-
ing the open end by various types of structures (from com-
pletely open to completely closed), more and higher reflective
pressure peaks appear at the measurement location. The sce-
narios are discussed below.
As a first reference, the cylindrical blast chamber was closed
completely to consider the ideal case. The peak hydrostatic
pressure (side-on) is 514 kPa and face-on is 868 kPa. As a
second reference, the one end of the cylinder is completely
open to benchmark the present scenario. The hydrostatic
pressure (side-on) is 514 kPa and face-on is 868 kPa, to be
expected. The signature of the pressure wave for the fully
enclosed cylinder differs from the signature of the open-end
case significantly. Fig. 5 shows the time histories of the face-on
pressure (Pressure 2) up to ten milliseconds for all the scenarios
and the references. The number of peaks as well as the ampli-
tude increase significantly when the open end is closed com-
pletely. The ideal solution lies somewhere between these two
scenarios.
Fig. 4. The computational model of the scaled Emily blast chamber rotated
about the axis of symmetry.
Table 1
The material models used in the computations.
Material Equation of state Strength Failure
Air Ideal – –
Explosive (Comp B) JWL – –
Steel 1006 (AISI) Shock Johnson Cook –
KEVLAR Puff – –
NYLON Shock Von Mises Tensile limit
Table 2
The dimensions of the items used in the computational model.
Item Scaled Emily
Comp B mass/kg 0.024 3
Cylinder length/m 1.2 6
Cylinder diameter/m 1 5
Plate diameter/m 0.448 2.24
Plate thickness/mm 13 65
Plate mass/kg 16.18 2000
Kevlar thickness/mm 20 100
Kevlar mass/kg 16.07 2000
NYLON 1 thickness/mm 22 110
NYLON 1 mass /kg 15.74 1967
NYLON 2 thickness/m 0.013 0.065
NYLON 2 mass/kg 9.3 1163
Solid plate diameter/m 0.806 4.031
Solid plate thickness/mm 12 60
Solid plate mass/kg 48 6000
Fig. 5. Calculated face-on hydrostatic pressure time histories (pressure 2).
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Case 1 consists of a steel plate in the open end with a
diameter of 0.448 m (the cylinder diameter is 1 m). The area
covered by this plate is 20% of the area of the open end. The
vented area is therefore 80%. The computation shows that the
open area has a range of velocities between 100 m/s and
180 m/s. The plate has a final velocity of 2 m/s at 0.64 milli-
second. The average displacement of the plate at 0.6 millisec-
ond is negligible. The hydrostatic pressure at location 2 in the
cylinder is shown in Fig. 5. It is evident that the partial closure
contributes, but not significant after three milliseconds.
It is evident from the results that the plate covering 20% of
the area of the open end does not provide adequate confinement
of the expanding volume of by-products. It is thus necessary to
investigate the covering of the remaining 80% of the area with
a venting mechanism.
In order to delay the venting as late as possible, a flexible
material (such as NYLON) is fixed to the perimeter of the
cylindrical plate shown in Fig. 4. The NYLON circular disk
covers the opening and is expected to bend from the outside
perimeter to vent the gas. NYLON was chosen because it
is a material model with parameters available in ANSYS
AUTODYN. However, a material with similar mass and similar
stiffness can also be used.
Two thicknesses of NYLON are used (as shown in Table 2).
The response of the NYLON with thickness of 22 mm does not
allow for much deflection. The response of the 13 mm thick
NYLON starts with the deflection of the outer perimeter at
about two milliseconds, opening a venting gap of about 10 mm.
The gas escape velocity is 150 m/s. This opening must grow
quickly as the escaping gas by-products will heat up the mate-
rials quite rapidly due to the Venturi effect. At three millisec-
onds, the opening is about 25 mm and the escape velocity is
about 60 m/s.
The velocity driving the escape of the by-products is not
decreasing continuously as it is related to the shock waves
reverberating inside the cylinder. For example, at eight milli-
seconds, the escape velocity is close to 250 m/s, much higher
than at two milliseconds with vent opening about fifty
millimetres. The displacement of the plate and NYLON at 0.6
millisecond is negligible. Fig. 5 shows the pressure recorded at
location 2. The contribution of the plate and the NYLON ring
mimics the fully closed reference up to five milliseconds, after
which the effect of the escaping gas by pushing the NYLON
disc open is evident. The venting of the gases with a flexible
disc such as NYLON seems to be a mechanism worthwhile
pursuing.
Due to the difficulty in manufacturing the NYLON flexible
disc and fixing it to a movable cylindrical steel structure,
another option was considered. Increase the diameter of the
steel plate so that a permanent vent is created. The circular plate
with a diameter of 0.806 m now covers about 76% of the open
area. Fig. 5 shows the pressure time history at location 2 fol-
lowing the same trend as the closed end pressure signal. This is
less than the case using the NYLON material to cover the open
area. Again, the average displacement of the plate at 0.6 milli-
second is negligible.
From the pressure time histories shown in Fig. 5, it is evident
that all the cases provide some confinement with respect to the
peak pressure (face-on as well as side-on) and to some degree
of the peaks thereafter. Case 3 (the steel disc covering 76% of
the open area) yields the best design in terms of safe imple-
mentation, as the person setting up the charge can enter and exit
without ambiguity. This option was chosen and refined.
Snyman et al. [8] shows that the computation of the hydro-
static pressure after the first reflection needs to be adjusted to
accommodate the secondary burn of the explosive by-products.
The JWL equation of state takes care of the transition from a
solid explosive to gas by-products at a high pressure. Once this
transition is completed, the ideal gas equation of state calculates
the expansion of the gas. None of these computational models
up to now considered secondary burn while calculating the
hydrostatic pressure with the ideal gas equation of state.
4. Manufacturing of SEmily
Two ten millimetre steel plates were rolled in half circles and
welded together to form the main hull of SEmily (Fig. 6(a)). An
additional flange is added to the open side to reinforce the
structure as well as a steel capping to support the welds at the
top and bottom. Steel bushes were added to the outside wall on
both side to host three types of sensors, side-on, face-on pres-
sure and a momentum gauge. The entire hull rests on three
footplates for stability and support (Fig. 6(b)).
The pendulum door and frame is constructed out of steel
members connected by means of welding and bolt assemblies.
The door has a diameter of 0.870 m and covers about 76% of
the opening. The frame has an A-frame physique with an
Fig. 6. Manufacturing of SEmily.
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H-beam assembly at the top that houses the hanging door. The
pendulum rotates about a stainless steel shaft with four
Y-bearing Plummer blocks to make the swinging action of the
plate as frictionless as possible (Fig. 6(c)).
5. Experimental tests and results
This section presents tests conducted with SEmily and dis-
cusses the results. The first series of tests deal with the com-
missioning of the apparatus for 40 g Comp B cylindrical charge
(geometrically similar to a 5 kg Comp B cylindrical charge
used in Emily). The second series use a cylindrical 24 g Comp
B charge, geometrically similar to 3 kg Comp B cylindrical
charge to generate data for comparison with full-scale data
from Emily. The cylindrical charges had a length to diameter
ratio of one. The vertical positioning of these charges was
similar to the positioning in Emily. All the charges detonated
from the top.
5.1. Commissioning tests
The sensors positioned in the portholes of SEmily consist of
two side-on PCB137 pressure probes, two face-on Kulite 375M
sensors and one momentum gauge. A momentum gauge con-
sists of a cylindrical aluminium with mass of 75 g accelerated
through a smooth bore barrel with length of 100 mm. Two laser
gates a fixed distance apart in the barrel measure the motion of
the mass [4]. Fig. 7(a) shows the set-up with the various
sensors.
The charges consist of 40 g Comp B cylinders (L/D = 1) and
a booster of five grams of PE4. The charge hangs centrally in
the chamber surrounded by the measuring equipment on the
same axial position on the circumference. Fig. 7(b) shows the
cradle and charge prior to detonation.
Fig. 8 shows the unfiltered face-on and side-on overpressure
time history for test #5. Note the various peaks recorded by both
pressure sensors between 0.65 and 0.8 millisecond.
A high-speed camera captured the motion of the pendulum
plate during detonation at 15,000 fps. From the images, the
angular velocity of the plate during each shot is determined.
Fig. 9 shows a selection of the images of one of these
tests. Note the recoil response of the blast chamber after 97
milliseconds.
The image when the pendulum door hangs in its original
position is time 0. When the plate reaches 90° from its original
position, the image time is used to calculate the angular velocity
ω = θ/t. The linear velocity is obtained at the centre of the plate,
using the radius of 0.435 m, namely v = ω x r. Multiplying
the linear velocity with the mass (53.53 kg) gives the linear
momentum or imparted impulse. The average imparted impulse
is 210.3 Ns ± 5%.
Table 3 shows the results of the five tests with the pendulum
door in position. The second column shows the velocity of the
cylindrical mass (75 g) of the momentum gauge and the third
column shows transferred momentum to the mass. The peak
face-on overpressure is shown in the fourth column and the
last two columns show the side-on overpressures. No credible
face-on or side-on overpressure measurements were captured
for tests #1 and #2. The only reputable overpressure measure-
ments are for tests #3–5.
The momentum gauge gave an average momentum of
0.3 Ns ± 25%. The average first peak side-on overpressure is
Fig. 7. The set-up for the commissioning tests.
Fig. 8. The face-on and side-on overpressures for test #5.
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612 kPa ± 11% and the average peak side-on overpressure
is 998 kPa ± 9%. The average peak face-on overpressure is
2883 kPa ± 41%.
From the scaling (of a 5 kg Comp B charge to a 4 g charge)
a side-on peak pressure of 700 kPa and a face-on peak pressure
of 3 100 kPa were expected. The measured values for the
side-on pressures during this test were on average higher but
this is on the positive side for structural evaluation consider-
ations (i.e. evaluating a higher limit). The face-on pressure
measured lower, but more peaks, indicating some response of
the curved sidewall and pendulum door.
5.2. Scaled tests
Additional experiments with SEmily investigated the pres-
ence of the pendulum door on the pressure time histories. Three
tests with the pendulum door (confined) and three tests without
the pendulum door (semi-confined) with a 24 g Comp B charge
(geometrically similar to a 3 kg Comp B charge) were con-
ducted. To facilitate detonation, a five gram PE4 charge was
added. Fig. 10(a) shows the two side-on pressure probes and
two face-on sensors, and Fig. 10(b) shows the positioning of the
charge in SEmily.
Tektronix oscilloscopes recorded the signals captured by the
side-on and face-on overpressure sensors. Two oscilloscopes
recorded one signal, with time resolutions of 4 microseconds
and 10 microseconds respectively. These signals are processed
without filtering. The recording of the face-on pressure signal
was not accurate and was discarded. Due to reflections from the
curved wall of SEmily, all the side-on pressure signals contain
a second peak a few microseconds later and higher than the first
(and represent the reflected pressure). The pressure sensor is
about 20 mm from the curved wall.
Fig. 11 shows the over pressure time history recorded by the
pressure probes for tests #3 (confined) and #4 (semi-confined)
with the first and second peaks enlarged. Note also the various
pressure peaks after 2.5 milliseconds, due to the reflections of
the curved wall, the rear side and for the confined test (#3) the
pendulum door (that has not moved yet). Only the first ten
milliseconds of data are shown for clarity, but the recording was
done up to 22 milliseconds.
Each side-on overpressure measurement consists of four
time histories, one left, one right (both at 4 and 10 microsecond
resolution). A summary of the first and second peak values of
all the tests is shown in Table 4. The standard deviation implies
Fig. 9. Footage of a high-speed video and the imparted impulse.
Table 3
Momentum gauge results, imparted impulse and peak overpressures for the
40 g charges.
Test Momentum gauge Face-on peak
overpressure/
kPa
Side-on
overpressure/
kPa
Velocity/
(m·s−1)
Momentum/
Ns
First Peak
1 4.5 0.335 – – –
2 – – – –
3 4.4 0.330 1782 690 994
4 4.6 0.345 2739 580 911
5 2.8 0.210 4129 566 1090
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that there is quite a wide spread amongst the values. Note that
the pendulum door does not affect the first and second peaks
of the side-on pressure overpressure measurements, as the
opening is further away from the charge than the standoff dis-
tance to the sensors.
Investigation of the first side-on pressure signal showed
irregularities and is discarded. The average first pressure peak
for tests #2–5 is 392 kPa ± 18% and the average second pres-
sure peak is 857 kPa ± 8% (the reflected pressure from the
side). The first pressure peak measured for a single 3 kg Comp
B charge test in Emily is 150 kPa and the second peak is
250 kPa. These pressures will not correspond as the sensor
locations from the curved wall in Emily and SEmily are both
100 mm.
The specific impulse determined by the integration of the
over-pressure time histories shows the effect of the pendulum
door in the opening of SEmily. Table 5 gives the specific
impulse per test up to 22 milliseconds. The standard deviation
shows a spread of data.
Excluding the values of the first test, the average specific
impulse for the confined SEmily is 0.563 kPa·s ± 23%. The
average specific impulse for the semi-confined SEmily is
0.333 kPa·s ± 36%. Comparing these values, SEmily with the
pendulum door yields a specific impulse 40% more than
without it. Clearly, the pendulum door confines the explosive
gases for a longer period.
The angular and linear velocity as well as the imparted
impulse to the plate of each test are calculated as before using
the high-speed video images at 2000 fps. Fig. 12 shows two
images from test #2. The time between the frames is calculated
from the frame rate.
Table 6 gives the velocity and imparted impulse for each of
the tests. The average imparted impulse is 114.2 Ns ± 2%,
which translates into a specific impulse of 67.9 Pa·s ± 2%.
Fig. 10. The test set-up in SEmily.
Table 4
Summary of side-on overpressure measurements of 24 g charges.
Test Average first
peak pressure/
kPa
Standard deviation
of measurement
Average second
peak pressure/kPa
Standard deviation
of measurement
/kPa /% /kPa /%
Confined (with pendulum door) 1 332 90 27% 432 148 34%
2 362 75 21% 789 55 7%
3 442 36 8% 858 115 13%
Semi-confined 4 378 29 8% 956 50 5%
5 476 58 12% 875 144 16%
6 299 155 52% 806 10 1%
Fig. 11. Side-on overpressure time history of test #3 and #4.
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5.3. Computational analysis of the scaled tests
Using a similar computational model as Snyman et al. [8],
the results of the scaled tests are replicated with the theory as
manifested in ANSYS AUTODYN. Fig. 13 shows the compu-
tational model (without the air) of the cylindrical shell and a
spherical explosive charge mapped at 0.0003 second. A spheri-
cal charge is used to reduce the run time of the computational
model. The gauge points are at the positions of the face-on and
side-on sensors. The mesh resolution is 5 mm for the Euler
mesh and 0.3 mm for the Lagrange mesh.
Fig. 14(a) shows the flow of the expanding by-products when
the pendulum door is in the opening. The displacement of the
pendulum door at 0.6 millisecond is negligible. The average
velocity of the pendulum door is 7 m/s after ten milliseconds
and the gas reflects from the door into the chamber. Fig. 14(b)
shows the unrestricted gas flow out of the chamber.
Fig. 15 shows the hydrostatic pressure recorded at gauge
point #1, which is similar to the side-on pressure. The compu-
tational analysis adds additional energy (2 × 106 J/kg) to the
detonating explosive at times 1.9–2.4 seconds to compensate
for the afterburning caused by the reflected shock waves. The
presence of the pendulum door on the pressure at the measuring
location is visible after two milliseconds.
Fig. 16 shows the average velocity response of the back plate
of SEmily (in the axial direction) as the momentum transfers
from the gas to the plate and back to the gas volume. Note the
difference (after two milliseconds) when the pendulum door
is present in the opening and hence restricts the flow of the
volume of by-products. The pendulum door causes a positive
pressure build-up and positive transfer of momentum to the
back plate. The imparted impulse to the pendulum door is
325.1 Ns.
5.4. Compare the computational and experimental results of
the scaled tests
The computational model uses axial symmetry to simplify
the analysis and does not model the motion of the pendulum
door correctly. The calculation of the expanding gases pushes
the door away in a symmetrical way while in the experiment the
opening of the door is asymmetrical. The symmetry of the
model implies that the computation of the reflected pressures
inside SEmily will not compare after some time when the
asymmetry of SEmily affects the pressure measurements.
Fig. 17 compares the measured side-on hydrostatic pressure
(overpressure plus ambient pressure) with the calculated hydro-
static pressure close to the sidewall for the case where the
pendulum door closes 76% of the opening. The peak pressure
values agree and up to about two to three milliseconds,
the profile is very similar. The signature of the two profiles
Table 5
Summary of impulse densities.
Test Specific
impulse/
(kPa·s)
Standard deviation
/(kPa·s) /%
Confined (with pendulum door) 1 0.487 0.041 8%
2 0.529 0.124 23%
3 0.597 0.130 22%
Semi-confined 4 0.312 0.117 37%
5 0.362 0.126 35%
6 0.325 0.119 37%
Fig. 12. The high-speed video images used to calculate the time for test #2.
Table 6
Imparted impulse to the pendulum door.
Test # Time/s Velocity Imparted
impulse/Ns
Specific
impulse/
(Pa·s)
Angular/
(rad·s−1)
Linear/
(m·s−1)
1 0.325 4.8 2.1 112.5 66.9
2 0.322 4.9 2.1 113.8 67.6
3 0.315 5.0 2.2 116.3 69.1
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differs substantially after this time. The model calculates the
afterburning of the explosive gases only during the period 1.9–
2.4 seconds, while in reality there might be more periods of
afterburning. The signature difference is a result of this lack in
computational ability as well as the asymmetry of the door
opening in SEmily.
Fig. 18 compares the measured side-on hydrostatic pressure
(overpressure plus ambient pressure) with the calculated
hydrostatic pressure close to the sidewall for the open-end case.
Fig. 13. Computational model of the test set-up, rotated about the axis of
symmetry.
Fig. 14. The computation of the gas flow at 0.0073 second after detonation.
Fig. 15. The calculated side-on hydrostatic pressure at gauge point #1.
Fig. 16. The average axial velocity of the back plate of SEmily.
Fig. 17. Comparison of the computational and experimental pressure
(confined).
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The peak pressures agree fairly well but the signature of the two
curves differ after about nine milliseconds.
Table 7 summarises the comparison between the experimen-
tal and computational results. Note that the specific impulse
differs substantially because of the reasons mentioned earlier.
This is also evident for the imparted impulse to the pendulum
door.
6. Discussion
The computational analysis showed some shortcomings in
terms of the motion of the pendulum door and the calculation of
the afterburning due to the shock reflections into the fireball.
Furthermore, the computational model uses a spherical explo-
sive with mass similar to the cylindrical explosive used in the
experiments. These differences affect the compliance between
the computational and experimental results.
Firstly, the computational pressure results agree fairly well
with the experimental measurements up to three milliseconds.
After three milliseconds, the afterburning of the Comp B that is
not calculated properly affects the signature of the pressure
profile. In addition, the specific impulse calculated from the
measured pressure signal does not agree with the one obtained
from the computational analysis precisely because of this reason.
Secondly, the motion of the pendulum door is asymmetrical
as well as the venting of the gas by-products in SEmily, while
the computational model uses axial symmetry. This is the
reason why the imparted impulse to the pendulum door calcu-
lated by the model is much larger than the one obtained from
the high-speed video images.
Table 8 shows the success of the geometric similarity mea-
sured by means of the peak pressures for the open-end blast
chamber. The pressure time history is invariant by geometric
similarity. One of the series of tests confirmed geometric simi-
larity between Emily and SEmily, namely the 5 kg and 40 g
Comp B charges. The similarity for the 3 kg and 24 g Comp B
charges is not confirmed to the same accuracy.
The main reason for the lack of geometric similarity for the
first and second peak pressure is the presence of the 5 g PE4
booster on the scaled Comp B charge. The ratio booster to
scaled charge is about 7.5 times more than the ratio of booster
to full-scale 3 kg charge.
7. Conclusion
Despite the differences noted in the previous section, the use
of ANSYSAUTODYN to calculate the pressure reflections due
to the pendulum door (Sections 3 and 5.3) was helpful and
contributed to the understanding of the problem during the
design phase. Pointing out the shortcomings of the hydrocode
may lead to improvements in the material modelling of explo-
sives in confined spaces.
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Fig. 18. Comparison of the computational and experimental pressure
(semi-confined).
Table 7
Summary of the experimental and computational results.
Semi-confined Confined
Experiment Computation Difference Experiment Computation Difference
First peak/kPa 453 433 4.4% 546 433 20.7%
Peak pressure/kPa 1120 787 29.7% 925 787 14.9%
Specific impulse at 0.006 s/(kPa·s) 0.302 0.764 −153.3% 0.425 1.027 −141.4%
Imparted impulse/Ns – – – 114.2 325.1 −184.2%
Table 8
Similarity results.
Pressure related quantity Full scale 1/5 scale
5 kg to 40 g charge Peak side-on/kPa 700 998 ± 9%
Peak face-on/kPa 3 100 2 883 ± 41%
s3 kg to 24 g charge First peak/kPa 150 392 ± 18%
Second peak/kPa 250 857 ± 8%
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Abbreviations
Comp B Composition B explosive
CSIR Council for Scientific and Industrial
Research
DBEL Detonics Ballistics and Explosive
Laboratory
g Gram
kg Kilogram
kPa Kilopascal
LS Landwards science
m Metre
mm Millimetre
N Newton
NEC Nett explosive content
PE4 Plastics explosives formulation 4
SANDF South African National Defence Force
TNT Trinitrotoluene explosive
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